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Objectives
Method
Rbfox2 fetal isoform overexpression drives massive transcriptome 
alternations in the mice hearts
Mis-splicing events due to Rbfox2 fetal isoform overexpression
in the mice hearts
Splicing events due to deletion of Rbfox2 adult isoform in 
CRISPR Rbfox2 40 mice
Representative splicing events in human DM1 patient hearts
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A. Myotonic Dystrophy type 1 (DM1) is the second most common cause of muscular dystrophy and the most common
cause of adult onset muscular dystrophy with hyperexcitability (myotonia), progressive muscle wasting and cardiac
arrhythmia. B. The abnormal expanded CTG repeat on the 3’UTR region of DM protein kinase (DMPK) gene accounts
for DM1 pathologies. This pathogenic trinucleotide repeat causes enormous dysregulation of RNA binding
proteins(RBPs), including MBNL sequestration and CELF upregulation. In my project, I focus on DM1 disease
symptoms and molecular pathologies on heart. C. Dr. Kalsotra’s lab has found that master splicing factor Rbfox2 is
overexpressed and mis-spliced in DM1 patient heart tissues. Most DM1 heart samples show the abnormal switch of
Rbfox2 mRNA and protein from 43 adult isoform to 40 fetal isoform. D. Quantification showing DM1 patients exhibit a
selective upregulation of the Rbfox2 non-muscle fetal isoform (Rbfox2 40) in heart.
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RNA Foci & MBNL Sequestration
CELF 1 Upregulation 
• Analyze the roles of selective overexpression of Rbfox2 fetal isoform in DM1 on
RNA splicing defects of cardiac conduction pathway genes using mice model
• Compare the splicing misregulation of cardiac conduction genes with human
DM1 heart tissues
• Examine the impacts of abnormal splicing switch of Rbfox2 on splicing defects of
cardiac conduction genes which can lead to cardiac arrhythmia observed in DM1
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A. Schematic representation of generating TRE-Rbfox2; MHCrtTA transgenic mouse. This mouse model is built to study
the effect of Rbfox2 dysregulation since Rbfox2 fetal isoform (Rbfox2 40) is overexpressed in DM1 patients. Rbfox2 40
isoform is specifically overexpressed in this mouse heart. B. Schematic representation of using CRISPR/Cas9 technique
to generate transgenic mouse which only produces Rbfox2 40 isoform. This mouse model is built to study the sole
effect of Rbfox2 isoform switch in DM1 when the overall Rbfox2 expression level remains unaffected. C .Schematic
representation of primer design for splicing assay. Primers bind the upstream and downstream constant regions
flanking the alternative spliced region(s).
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A. Overlap of gene expression and alternatively splicing changes upon Rbfox2 40 overexpression in cardiomyocytes. 2311 genes are
differentially expressed, 1366 genes are alternatively spliced, and 368 genes are both differentially expressed and alternatively spliced.
B. Gene ontology (GO) analysis of mRNAs with both splicing and abundance changes upon Rbfox2 40 overexpression. Many genes are
involved in ion channel regulations. C. GO analysis of upregulated, downregulated and alternatively spliced genes upon Rbfox2 40
overexpression. A big group of genes is in regulation of cardiac conduction pathway.
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Representative gel images of mis-splicing events caused by Rbfox2 40 isoform upregulation in MHCrtTA and TRE-Rbfox2 40 mice hearts
and cardiacmyocytes, after 72hrs 0.5g/kg Dox induction. These 9 genes mis-spliced due to Rbfox2 40 overexpression are involved in
cardiac conduction pathway. Among these genes, Atp2b, Cacna21, Kcnd3, Slc9a8, and Scn5a directly code for ion channels. Tnnt2,
Camk2d, Ank2, and Cttn are coding for structural or regulatory proteins responsible for normal muscle function in response to ion
levels. Shown below each gel is a graph quantifying the mean percentage of alternative exon inclusion (percent spliced in, PSI) in
MHCrtTA control (black bars) and TRE-Rbfox2 40 (grey bars) hearts using unpaired t test with equal SD . Error bars represent SEM; n = 3
for whole heart and n = 2 for cardiomyocyte. (*) P<0.05; (**) P < 0.01; (***) P<0.001.
A. Rbfox2 protein level is normal in CRISPR Rbfox2 40 mouseline in which Rbfox2 43bp exon is removed via
CRISPR/Cas9 technique. B. Transgenic mice express only Rbfox2 40 isoform in heart and muscle cells, indicating the
success generation of mice expressing only Rbfox2 fetal isoform. C. Representative gel images of splicing events in
CRISPR Rbfox2 40 mice hearts. Not all genes exhibit mis-splicing upon deletion of Rbfox2 adult isoform . Shown below
the gel is a graph quantifying the mean percentage of alternative exon inclusion (percent spliced in, PSI) in wild-type
(WT; black bars) and CRIPSR Rbfox2 40 (grey bars) hearts using unpaired t test with equal SD . Error bars represent
SEM; n = 3. (*) P<0.05; (**) P < 0.01; (***) P<0.001.
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• DM1 patient heart demonstrates Rbfox2 overexpression and isoform switch from adult
isoform to fetal isoform.
• Mice which have Rbfox2 fetal isoform overexpression show transcriptome
alternations, including genes related to ion channels and cardiac conduction pathways.
• Genes mis-spliced due to Rbfox2 fetal isoform overexpression in mice model also mis-
regulated in human DM1 patients.
• Deletion of Rbfox2 adult isoform may cause mis-splicing of some genes, indicating 
Rbfox2 overexpression and isoform switch both are responsible for mRNA 
misregulation in DM.
• Rbfox2 fetal isoform overexpression may explain the arrhythmogenic and conduction 
defects seen in DM1 human patients. 
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Representative gel images of mis-splicing events in human DM1 patient hearts. Camk2d, Ank2, Slc9a8, Tnnt2 and Kcnd3 have been
shown to establish abnormal splicing activities in MHCrtTA and TRE-Rbfox2 40 mice hearts. This experiment confirms that the effects of
Rbfox2 fetal isoform overexpression found in transgenic mice are common in DM1 patients. Shown below the gel is the mean
percentage of alternative exon inclusion (percent spliced in, PSI) in non-DM1 (black bars) and DM1 (grey bars) human heart tissues.
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